Wnt morphogens are notoriously elusive proteins. Thanks to a recent study published in Nature, Clevers and colleagues give us a first glimpse of a mammalian Wnt in action in the gut epithelium.
Tissue function is crucially dependent on the proper spatial organization of cells in three dimensions. Cellular architecture is established in part by morphogens or signaling molecules expressed in concentration gradients along the forming tissues. In Lewis Wolpert's famous French flag model, distinct biological effects are induced depending on the position of cells within the morphogen gradient. Several types of morphogens have been described including transcription factors in the Drosophila syncytial embryo, metabolites such as retinoic acid and of course secreted growth factors such as Wnt, TGFβ and Shh.
The importance of morphogens in regulating pattern formation during embryonic development and tissue regeneration is well described, but what is not so clear is how gradients of morphogen activity are established across tissues. In a recent issue of Nature, Clevers and colleagues provide new insight into this question by visualizing the distribution of one particular morphogen, called Wnt3, within the intestinal crypt epithelium [1] . The gut epithelium is a self-renewing tissue composed of highly repetitive units called crypts and villi. The former are formed by invagination of the epithelium and are largely made up of intensely proliferating intestinal stem cells (ISCs) and progenitor populations. As part of their normal life cycle, most epithelial cells are forced out of the crypt and terminally differentiate into the specialized cells of the villus compartment. Proliferation in the crypts has long been assumed to be governed by a gradient of Wnt activity with the ISCs at the crypt bottom exposed to maximal levels of Wnt signaling ( Figure  1A ). Consistent with this notion, the expression levels of Wnt target genes is typically high in cells occupying the crypt bottom and declines as cells move out of the stem cell compartment higher up the crypt. Moreover, recent evidence has shown that the high Wnt activity of ISCs depends on their close contact with neighboring post-mitotic Paneth cells. Paneth cells not only play important antimicrobial functions, but also orchestrate crypt growth by releasing Wnts (e.g., Wnt3 and Wnt11) and other promitotic factors from the crypt base [2] . The question posed by Farin et and Rnf43 expression in organoids. These experiments showed that Frizzleds are required to anchor HA-Wnt3 at the cell surface. Wnt ligands are lipid modified, which is required for its biological activity, but also presents somewhat of a conundrum for understanding how it acts at a distance [4] . Lipidation is mediated by, Porcupine, an ER-resident protein and o-aceyl transferase that palmitoylates Wnts. The authors therefore explored HA-Wnt3 processing in Paneth cells using an inhibitor of Porcupine. Indeed, treatment of organoids with Porcupine inhibitor led to a loss of HA-Wnt3 at cell membranes and corresponding cytoplasmic accumulation in Paneth cells within 24 h, consistent with Porcupine's essential role in secretion and lipid modification of Wnts.
Evidence so far suggested that HAWnt3 is secreted by Paneth cells via Porcupine and captured by Frizzleds in surrounding ISCs ( Figure 1B) . Because ISCs are continuously undergoing cell division, Farin et al. then asked whether further propagation of HAWnt3 beyond the stem cell compartment depends on ISC cell division. Pulsechase experiments were conducted by washing out organoids treated with Porcupine inhibitor to release newly produced HA-Wnt3. After 48 h, crypts regained a normal gradient of HA-Wnt3 expression. However, in the presence of mitotic inhibitors blocking Egfr, Mek or Cdk4/6, HA-Wnt3 remained localized near producing cells. Therefore these data suggested that Wnt3 once bound to ISCs travels up the crypt by piggybacking on proliferating ISCs and their progeny rather than diffusion. Now that we have a clear view of at least one mammalian Wnt in its native environment, the next question becomes one of mechanism. More specifically, how is Wnt3 transferred from producing cell to receiving cell. Here numerous options exist. Following post-translational modifications in the ER and Golgi, Wnts are known to associate with the sorting receptor, Wls, and are released into the extracellular space [5] . Endosomes and the retromer complex recycle Wls, allowing for multiple rounds of Wnt secretion. Once released, Wnts can utilize several modes of transport including lipoprotein particles, exosomes and cytonemes [6] [7] [8] . To complicate matters further, spreading of Wnts also depends on interactions with various heparan sulfate proteoglycans that reside in membranes and in the extracellular matrix. How this relates to Wnt3 transport in the crypt epithelium or other tissue types is unknown. The only available clue is that retromer transport appears not to be necessary for Wnt signaling in the gut [9] . Hopefully, purification of HA-Wnt3 from the gut epithelium combined with the use of mass spectrometry can shed light on these issues.
Finally, given that other sources of Wnts can sustain crypt homeostasis in vivo in the absence of Paneth cells [10] , it will also be interesting to see how these Wnts get to their target cells. For example, an important source of Wnts, absent from the organoid system are surrounding stromal cells. How do these stromally derived Wnts traverse the basement membrane and which epithelial cells do they target? Obviously, these fundamental questions will continue to challenge researchers for several years. However, having now found Wnt3, we are no longer in the dark.
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